Wastewater use has become an alternative for agriculture in arid and semi-arid areas due to water scarcity besides providing nutrient for plants. This work aimed to evaluate the effects of the interaction of nitrogen and phosphorus doses associated with wastewater on the growth rate of eggplants in the stages of vegetative growth and beginning of fruiting in the semi-arid of Brazil. The wastewater was previously treated using sand filter with intermittent flow. The experiment consisted of a randomized block design in a 4 × 4 + 1 factorial scheme, with four replications. The factors consisted of four nitrogen doses (N 1 = 0.22, N 2 = 0.39, N 3 = 0.56 and N 4 = 0.72 g dm -3 of soil), four doses of phosphorus (P 1 = 0, P 2 = 1.68, P 3 = 2.40 and P 4 = 3.12 g dm -3 of soil), both using wastewater, and a control treatment (100% nitrogen and phosphorus using drinking water). The interaction of wastewater with nitrogen and phosphorus doses influenced all growth rates at the vegetative stage, except for the relative number of leaves. We found interaction for the relative rates of stem diameter and number and area of leaves at the beginning of the fruiting stage. Nitrogen and phosphorus doses associated with wastewater were excessive even below the recommendation for eggplant cultivation, however, in the absence of wastewater the plants reduce the growth rates of stem diameter and leaf area in the initial period of the fruiting.
Introduction
Eggplant (Solanum melongena L.) is a vegetable of the family Solanaceae originating from tropical regions of the East, has herbal properties, and relevant nutritional and medicinal characteristics (Oliveira et al., 2014) . Eggplant adapts easily to climatic conditions and can be cultivated all year round in tropical and subtropical regions (Filgueira, 2008) . However, the expansion of eggplant crops is limited by several factors, such as water and nutritional demand, commonly used indiscriminately leading to resource waste.
The irrigation of eggplant generally uses potable water, however, due to population increase and the seasonal droughts, the use of pure water has been limited. Eggplant produces satisfactorily 6.41 kg of fruits per plant, using 690.04 mm during the cycle (Lima et al., 2012) , what is a relatively high water volume regarding the crop cycle. A way to mitigate this problem is the use of wastewater for irrigation of plants, as reported in several studies involving different crops, such as eggplant , tomato (Gatta et al., 2015) , okra (Khaleel et al., 2013; Medeiros et al., 2018a, b) and sweet pepper (Iqbal et al., 2015) .
The reuse of treated wastewater in irrigation is a practical solution to deal with water scarcity, especially in arid and semi-arid regions (Al-Jaboobi et al., 2014; Medeiros et al., 2018a) . However, other cultivation practices should be associated such as the care with nutrition (Khaleel, Ismail, & Ibrahim, 2013; Gatta et al., 2015; Medeiros et al., 2018b) because several nutrients are present in the wastewater, such as nitrogen and phosphorus (Medeiros et al., 2018a) . Therefore, it is important to take into account the adequate amount of nutrients required by crops irrigated with wastewater.
According to Oliveira et al. (2014) , nitrogen doses from 5 g per plant of eggplant did not increase the efficiency of this input. However, there are no reports of phosphorous addition associated with wastewater in the literature. Different nitrogen doses are recommended for other cultures, for example, 135 kg ha -1 for sunflower (Ali & Noorka, 2013) and 200 kg ha -1 for common bean (Ribeiro, Leite, Costa, Albuquerque, & Mielezrski, 2018 ) and okra (Medeiros et al., 2018a (Medeiros et al., , 2018b . It is needed, however, to quantify the ideal phosphorus doses because its deficiency affects the physiological metabolism of plants, such as gas exchange and, consequently, growth and production (Hernández & Munné-Bosch, 2015; Veronica et al., 2017) . Also, an excess of phosphorus impairs the development of plants, damaging mainly the growth and biomass production (Melo et al., 2018) .
Therefore, because wastewater is nutrient rich, and the adequate nutrient supply is essential for the growth and development of plants, this work aimed to evaluate the effects of the interaction of nitrogen and phosphorus doses associated with wastewater on the growth rate of eggplant plants during the stages of vegetative growth and beginning of fruiting in the semiarid of Brazil.
Material and Methods

Localization, Experimental Design, Treatments and Plant Material
The experiment was conducted in greenhouse at the Centro de Ciências e Tecnologia Agroalimentar (CCTA) of the Federal University of Campina Grande-UFCG, Pombal, Paraíba, Brazil. The site is situated at 6º48'16" S, 37º49'15" W, with an average altitude of 144 m.
The experimental design was completely randomized, with treatments arranged in a 4 × 4 + 1 factorial scheme, with four replications each, totalizing 68 experimental units. The factors consisted of four nitrogen doses (N 1 = 0.22, N 2 = 0.39, N 3 = 0.56 and N 4 = 0.72 g dm -3 of soil) and four doses of phosphorus (P 1 = 0.96, P 2 = 1.68, P 3 = 2.40 and , P 4 = 3.12 g dm -3 of soil), corresponding respectively to 40, 70, 100 and 130% of recommended for fertilization of eggplant cultivation when cultivated in pots, suggested by Malavolta (2006) , associated with the use of wastewater in the irrigation of the plants. In addition to these treatments, the control treatment consisted of 100% of the recommended dose of nitrogen and phosphorus irrigated with potable water. The control was compared with the treatments that received the minimum (40%) and recommended (100%) doses of nitrogen and phosphorus fertilization irrigated with wastewater.
We grow eggplant Embú in 20 L plastic pots, filled with 20 kg of soil. The soil was classified as sandy loam, non-saline and non-sodic, with the chemical and physical characteristics determined using the methodology recommended by Embrapa (1997) ( Table 1) . Note. pH se = pH of saturation extract, K + = Potassium, Na + = Sodium, Ca 2+ = Calcium, Mg 2+ = Magnesium, H+Al = Hydrogen+Aluminium, CEC = Cation Exchange Capacity, EC es = Eletric Conductivity in the saturation extract, N = Nitrogen, OC = Organic Carbon, OM = Organic matter.
We produced the eggplant seedlings in expanded polystyrene trays of 128 cells, using a commercial substrate based on pine bark, hummus, and vermiculite. After twenty-five days of sowing (DAS), two seedlings were transplanted per pot, and at 17 days after transplanting (DAT), we performed the thinning leaving the more vigorous seedlings. During the experiment, the soil was maintained near the field capacity approach described by using wastewater and water supply, according to the treatments.
We used urea as nitrogen source (45% N). To avoid possible losses due to volatilization and/or leaching, nitrogen fertilization was divided in seven applications, every 7 DAT.
The source of phosphorus was superphosphate (18% of P 2 O 5 ), added as a basal fertilization five days before transplanting. Potassium fertilization was also carried out with potassium chloride in the amount of 0.31 g dm -3 , fertilized in the same period of nitrogen fertilizations.
The wastewater used in the experiment came from showers, sinks and urinals of the bathrooms of the UFCG, Campus de Pombal, collected by pipes and deposited in a septic tank. The tank was connected by a tube inserted at the lower end to a plastic container with 500 L capacity, functioning as effluent distribution tank. The distribution occurred using piping up three different intermittent aerobic filters (each filter receiving 50 L of wastewater every 6, 8 and 12 hours). The effluent produced was stored in a plastic container with a capacity of 500 L.
The filters were constructed adapting plastic containers with a capacity of 250 L each in the lower part of the container. The containers have three layers: a bottom layer of 10 cm of gravel (nº. 1), a layer in the middle composed by 50 cm of sand and in the upper part another layer of 5 cm of gravel, to standardize the flow.
The physical-chemical characterization of the wastewater (mean values) before and after the treatment with sand filter (Sousa, 2015) is shown in Table 2 . The results wastewater quality after the use of sand filter are within the standards recommended by Brazil (2005) . Table 2 . Physical-chemical characteristics of the wastewater (RW) of the septic tank and after the sand filters Note. pH = Hydrogenionic potential, EC = Eletric Conductivity, DO = Dissolved Oxygen, Ca = Calcium, Mg = Magnesium, Cl -= Cloretum, P = Fosforum, N = Nitrogen, Na = Sodium, K = Potassium, DQO = Chemical Oxygen Demand, DBO = Biochemical Oxygen Demand, SAR = Sodium Adsorption Ratio.
Data Sampling
We evaluate the height of plants (HP) [cm] , number of leaves (LN), stem diameter (SD) [mm] and leaf area (LA) [cm²] at 10, 30 and 50 DAT. The height was measured by the distance between the collar of the plant and the base of the youngest leaf. During the counting of leaves we just considering leaves with complete development. The diameter was measured at 3 cm from the collar of the plant. Leaf areas were obtained according to the methodology proposed by Maldaner et al. (2009) .
We calculated the absolute (AGR) and relative growth rate (RGR) using plant height and stem diameter, and the relative growth rate of leaf number and leaf area, both for the vegetative stage and for the beginning of the fruiting, using the evaluations obtained between 10 and 30 days after emergency (DAE), and between 30 and 50 DAE, respectively.
Absolute and relative growth rate of height and diameter were obtained through the methodology presented by Benincasa (2003) :
(1) AGR is the absolute growth rate, M1 is the measurement of the variable at time one (T1) and M2 the measure at the time 2 (T2).
(2) RGR corresponds to the relative growth rate, ln is the neperian logarithm of the measured variable, M1 is the measurement of the variable at time one (T1) and M2 the measure at the time 2 (T2).
The relative rates of growth of leaf number and leaf area were obtained according to the methodology proposed by Wang et al. (2006) :
RGR corresponds to the relative growth rate, and M1 and M2 correspond to the beginning and end variable evaluations, respectively, of each stage.
Data Analysis
We used an analysis of variance by the F test (p < 0.05) to understand the effects of phosphorous and nitrogen doses and its interaction on the growth of eggplant. I the case of significance, a polynomial regression analysis was performed to split the phosphorus doses into nitrogen. A Tukey test was performed to compare the means of the treatment that was irrigated with drinking water and received 100% of nitrogen and phosphorus dose according to the recommendation (Control treatment) with those irrigated with wastewater with 40% and 100% of nitrogen and phosphorus. The analyses were performed at the statistical software SISVAR (Ferreira, 2014) .
Results
We found a significant interaction among nitrogen and phosphorous doses for absolute growth in plant height and stem diameter at the vegetative stage. Only the diameter of the stem showed no interaction effect at the initial fruiting stage (Table 3 ). We also found interaction of N x P, for the relative growth rate of leaf number at the beginning of fruiting, and leaf area for the two evaluated periods.
According to Tukey´s test, we observed different absolute growth rate in height of plants between the two types of water used (wastewater and potable water) at the vegetative stage, and different relative growth rate of Leaf area, and absolute and relative growth rate of stem diameter at initial stage of fruiting (Table 3) . Note. ns = not significant, **, * = significant at 1 and 5% probability by F-test, respectively, Means followed by the same letter in the column do not differ by Tukey's test at 5% probability level (p < 0.05). N 1 P 1 : (0.22 g dm -3
of nitrogen + 0.96 g dm -3 of phosphorous + wastewater) = treatments with wastewater and 40% of nitrogen and phosphorous recommendation, N 3 P 3 : (0.56 g dm -3 of nitrogen + 2.40 g dm -3 of phosphorous + wastewater) = treatments with wastewater and 100% of nitrogen and phosphorous recommendation, Control: (0.56 g dm -3 of nitrogen + 2.40 g dm -3 of phosphorous + potable water) = plants that received irrigation with potable water and 100% of the recommended dose of nitrogen and phosphorous. The reductions in the absolute and relative growth rate of plant height and stem diameter during the vegetative stage with the increase of nitrogen at lower doses of phosphorus probably occurred due to the supply of these nutrients by the wastewater. The results suggest a nutritional excess caused by the use of wastewater in addition to the high doses of nitrogen and phosphorus. Furtado and Chaves (2018) observed that the application of NPK from 60% of the recommended dose caused the reduction of the absolute growth rate of stem diameter. Oliveira et al. (2014) , also observed that high doses of nitrogen promoted a reduction in the yield of eggplant crop by potentiating the harmful effects of water salinity and, therefore, decreased the agronomic efficiency of nitrogen fertilization. In this study, the increase of nitrogen doses with the use of wastewater possibly increased the electrical conductivity of the culture medium and, consequently, decreased plant growth rates. The increase in soil electrical conductivity reduces the osmotic potential making it impossible to absorb water and nutrients, besides the ionic toxicity of certain ions negatively affect plant growth (Oliveira et al., 2014) .
Discuss
Among the nutrients in the wastewater, nitrogen and phosphorus require attention due to the high concentration in the effluents, besides they play important functions for the vegetables . Nitrogen is one of the most important nutrients performing structural function by being part of several organic compounds (Oliveira et al., 2014) . However, nitrogen excess acidifies the soil. Due to the high doses of nitrogen fertilizer and the use of wastewater it is possible that acidification may have occurred in our experiment and promoted a nutritional imbalance and toxic effect on the plants (Medeiros et al., , 2018b . Also, phosphorus excess results in low efficiency of its use, cause serious environmental consequences and may accelerate the depletion of its mineral reserves (Hasan, Hasan, Teixeira da Silva, & Li, 2016) . The excess of both nutrients is a negative factor for the nutritional management of crops, and their use must adequately meet the nutritional requirements of the plants.
Proper mineral nutrition is essential for plant growth, as observed by the nitrogen supply in the growth of bean plants (Ribeiro et al., 2018) , okra (Medeiros et al., 2018a) and eggplant Souza et al., 2017) . Phosphorus levels also promoted adequate growth in rice plants (Veronica et al., 2017) , strawberry (Medeiros et al., 2015) and wheat (Rodríguez, Keltjens, & Goudriaan, 1998) . Besides increase the plant growth and production, providing adequate amounts of nutrients allows the sustainable use of fertilizers (Silva et al., 2015) . We verified in this study that the relative growth of plant height was influenced by the fertilization of nitrogen and phosphorus associated to wastewater, only at the vegetative stage, while leaf growth was affected at the beginning of fruiting. The plant growth was probably due to nitrogen supply, involved in cell division and stretching (Iqbal et al., 2015) , and phosphorus, promoting root respiration, increasing plant growth when adequately supplied (Melo et al., 2018) .
Leaf growth (RGR-LN) was affected only at the lowest phosphorus doses with the nitrogen increase, during the initial fruiting stage. However, just the dose equivalent to 100% of the phosphorus recommendation associated to the nitrogen increase negatively affected RGR-LA during the vegetative stage, whereas at the beginning of fruiting the rise of phosphate doses together with nitrogen reduced RGR-LA. The expansion of the leaves is an essential characteristic of vegetal production due to the directly involvement in photosynthesis. Adequate doses of nitrogen allow rapid growth in the leaf area of eggplants, enhancing the leaf area from the beginning of the growth increasing production (Souza et al., 2017) . Souza et al. (2017) observed that high doses of nitrogen reduced the yield of the crop, where doses greater than 14 g plant -1 decreased the number of fruits, possibly by reductions in the plant growth. The decrease of RGR-LA at the beginning of fruiting due to increased fertilization may be related to the onset of leaf senescence and lower nutrient requirement, such as phosphorus (Melo et al., 2018) or its limitation inhibiting leaf expansion (Figure 1 ) as a consequence of photosynthetic restriction (Veronica et al., 2017) .
The highest growth of eggplant plants in this study can be attributed to the increased availability and continuous supply of nutrients by wastewater. Thus, the higher growth rates observed up to a certain limit of the application of nitrogen and phosphorus reflect the nutrient absorption, indicating that the use of wastewater may reduce the application of synthetic fertilizers. Tak, Ahmad, Babalola, and Inam (2012) report that wastewaters have a large concentration of essential nutrients to maintain soil fertility, as well as to increase growth and plant productivity. The concentration of nutrients of wastewater is important for agriculture, and when used correctly, can meet the needs of water by plants and reduce the demand for fertilizers contributing to the preservation of the environment (Iqbal et al. 2015; Medeiros et al., 2018b) .
Although the wastewater does not entirely satisfy the nutritional requirements of the plants, it provides nutrients gradually, and fertilization with doses below the required by the plants can be excessive when associated to wastewater and negatively affect plant growth. Therefore, further research involving wastewater and other mineral nutrients are important and still needed.
Conclusions
The application of nitrogen and phosphorus doses associated with wastewater becomes excessive even using the recommended nutrient dose for eggplant cultivation. However, in the absence of wastewater, the plants reduced the growth rates of the stem diameter and leaf area during the initial period of fruiting.
